Abstract. The composition of the protein corona formed on mesoporous silica nanoparticles with several surface modifications was characterized. Low MW serum proteins were preferentially adsorbed, and PEGylated nanoparticles did not adsorb protein regardless of PEG chain length. 
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pathological tissues, as well as providing molecular recognition and biosensing features. 1, 2 Unfortunately, the stability of most nanomaterials in biological fluids is still a challenge to be solved, and the incorporation of stable nanoparticles into the bloodstream provokes a strong reaction with serum proteins, lipids, and small molecules, forming a shell of aggregated compounds known as the protein corona. 3 The very high surface to volume ratio of nanomaterials dramatically boosts the adsorption process, changing their surface properties. This corona defines the biological identity of the nanomaterials and determines their final physiological fate. In the case of intravenous (iv) injection, protein adsorption drives nanoparticle uptake by monocytes and macrophages, leading to their distribution to the reticuloendothelial system (RES) and compromising their therapeutic efficacy. [4] [5] [6] [7] Independent of the nature of the nanomaterial, the protein corona grows in a few minutes over the particles and may evolve for several days. [8] [9] [10] It has a complex composition, often consisting of several dozens of proteins. Some of these proteins are loosely bound to particle surface (the "soft corona"), but, so far, most of the studies of this coating have been carried out over a short list of proteins firmly attached to particles forming the "hard corona", as this represents the protein signature of the nanomaterial in a given environment. [11] [12] [13] [14] [15] These studies have shown that the total protein concentration in biological fluids may change the composition of the corona, although, surprisingly, the concentration of a specific protein does not determine its presence in the biological layer (e.g., human serum albumin is the most abundant protein in serum but is actually in minority around nanoparticles). 16, 17 Moreover, the role of targeting molecules decorating the nanoparticle surface depends on this protein covering, as the interaction with specific receptors may be seriously hindered. 18 Changing nanoparticle properties, such as material, 16 Table S1 and Fig. S3 , and a subset of the most common proteins, defined as those with NSpC × TGA of 3.00 or higher, is shown in Table 2 . It is apparent that although many proteins are present in 10% FBS, the subset of adsorbed proteins in each type of MSN's hard corona is much smaller.
More than 86 wt% of the adsorbed proteins was accounted for by only eight proteins (highlighted in Table However, it is interesting to note that the molecular weights of these eight proteins were among the smallest of the entire set of identified proteins, with weights all below 38 kDa (Table 2 and Fig. S4 )Because these samples all had large internal surface areas, there may be a size-exclusion effect in which larger proteins are prevented from adsorbing in large amounts by the diameter of the pores. This makes sense in light of other studies of the protein corona on dense (nonporous) silica, in which a larger fraction of the adsorbed proteins had higher molecular weights. In the case of -NH2 modified MSNs the protein distribution is more varied. The eight proteins highlighted in Table 2 only account for 37 wt% of the total amount of adsorbed protein, and more proteins with higher molecular weights were adsorbed. Again, pI does not appear to play an important role here.
The reason for this discrepancy could be in the dominant role of surface primary amines in the nonspecific binding of serum proteins on nanoparticles, as has been described in the literature. 39, 40 Additionally, as noted above, the larger surface area of the -NH2 modified MSNs indicate that the pore surfaces are more accessible to proteins, which may allow a wider variety of low molecular weight proteins to be trapped in the pores. 
